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Abstract 
r\ lti1·rarcl1ical set of operators for texture a11aJysis is presented. 
C )111 lllt>thod is to code the local frt>quenry resonance of these 
11p1·1.1t<1r� Lut not their simple respu11ses. Therefore, the texture 
k.;tun,, olJtained are stable. The operators fulfill the cunditious 
·It·" ril,.·d by J.P. C'rettez in his work un the visual system model 
Th·· proceJure i.!l u::ieJ to automatirally determiue the resolutiu11 
,.f l1u111u�e11euus texture, the re�wlutiuu bci11g the miuimum win­
d .. w '"" capable of giving stationary features. All the samples 
()I ..,11iL,1bJe size then have the same siguat ure coding the local 
11',ll ure uf texture. 
Kt�ywords:texture, resolution, texture discrimination. 
1 Introduction 
Tt·xl lfft' i� the term generalJy used to characterize a regio11 in 
,lf1 1111.q�t', correspouJiug to a homoge1wous local spatial orga-
111z,tt 1u11. Texture hi a perceptual concept for which there is 
1111 m.it l1ernatical defiuitio11 [5]. PerceptuaJly, texture gives the 
-,urn: visual impression for auy position of a smaJI window of 
.,l1:--t-'rv,ttiu11 insiJe the corresponding region [4j. For any posi­
t 1u11 ul tl1e vi::;ual axi.::;, the 11euronal responses of cortical cell:; 
111u;..;t tw the same. Each cortical cell is cl1aracterizeJ by its re-
11·pl1v1· ht>IJ which corresponds to a small window in the visual 
1it·l1l l '011seque11tly1 a texture must be aualyse<l by small lo­
' .ii ;"'l,L111ples. Samples of a homogeneous texture should give the 
�.ww rt·:--pousc. A ::.;;_unple corre::.;po11Js to a pixel neighborhood. 
\ 1111111lier of auJ.lytical method,, which all try tu characterize 
pix..I llt't�hburhoo<l relation,hips, have been proposed <luring l<t,t 
d1·t .id1·. H et e11tly, l l 11ser developed tlie use uf textural measures 
!1d,..,1·d 1111 llit> average of some local properties !7]. Local textu­
r ,d p1upt>rl1es are extracted in two stages: a local liuear process 
lollowed by a 11011-linear process. The statistics of the in<lividual 
11 .111:-·lor111 rocfficieuts are theu used a:; texture descriptors. By 
,lJl,d�1g) with the receptive field model:; for simple or complex 
< t·ll� in 1 lic visual areas, we present, iu this paper, a set of tex­
t UJt' upt·raturs (2] [3). These operators call be efficie11tly applied 
tu l.t·xl urt's by the aiJ of Hadama.r<l Transform <llld by all upcr­
.1tio11 wltich makes results of operators invaria11t by translation 
011 l1U11wge11eous textures. 
2 Texture Feature Extraction 
2-1 The Set of Op••rators 
\11 i•1w1.1tur or a filter ::>imulates a siugle cdl of a visual sys-
11·111. "'io the 11eighburl10od geometry, 011 which the uperator � 
"Pi•lt<«I, 111ude6 Lite receptiou held uf the cell, while the coef­
IH 1e11!� uf tlit> uperJt.ur or tilter ::;imulatc the cell respo11se.:-:. tu 
1.11w11 vi.::rn<d stimula. Due lu hierJ.rchy1 the first urder operators 
. 1n· :·· 1 r11ply quadrnplets i11 l1ex..tgo11al tesselation. The codticieuts 
.11t· (Jlt!.illit•d f rom Hadamard rn,1trices 11.1: evt�ry liue of the ma­
! 11,\ �1vc:-- the cudficieJtls uf u11c tilter. We li,1vc the11 four hlter::>, 
i .illt" I li1;"'1t-ordt'r 11peratur:' ur lir�t-orJt•r fillers, rt'iH"ese11ted iu 
hg111 � I 'l'!te 11t·ighborl1oo<l strurture uf the secou<l-urder i� ob-
1 .111wd fru111 that ul tlw first order: dilating twice the first order's 
-11111 1111" ,wd re))larin� each µoi11t by the structure of the lirst 
.. ,,J,·r �11 ,1 ;:;ecund-ordcr stnh lure iHdud1·s IO pixels and is rep-
-··111,·d 111 hgun• 2 More gc11er<dly1 an ll-th order stru<ture 
111 f., 11/1t<1111ed l.Jy <lilati11g tw1u· the ( 11- l )-;:,t order ::itrudun_. 
111ol rc·pl.H 111g each pui11t by the structure ol the first urJ1:_•r. A 
• ""+1 
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Figure 1: fir::;t-order operators 
Figure 2: structure of ::.;ecou<l-orJer operator 
second order operator corrc::;ponds tu a line of the HadamJ.rd 
matrix Hie, a11d a 11-th order operator curre::.;po11Js tu u li11e of 
the Hadamard matrix ll4r • •  So the connectio11 process hetwet'll 
the different order structures can be modelled by tl1e Jl,1d,u11.irJ 
Transform lI-t in the 11atural order. 
2-2 Properties of the Operators 
We suppo::>e that our operators model the ;:;irnple celb uf the 
striate cortex As shuw11 i11 figure J, the fir::-t-u1 der oper..ilur:-; urc 
urieuted filters. We waut to know if the oper.1tur::; of higher or<ler 
Lill also a11alysc the orientations and frequt'ncies. Tliis can be 
detcrmiueLI frum the operators orie11tatio11-frc4uc11(y properties 
by use of the Fourier Spectrum . 
We con::;ider every operator as an image aud periudize it i.i1 the 
image space. VVc thc11 apply the Fourier Trau::;furm a11d lu<Jk fur 
the maxima of the power spectrum 
We can make a drawiug uf the Fourier pLrnt• fur every order ancl 
uut.e the pusitiuus of the maxima: 
• fur the hr�t .u1d ::-ecouJ urJer we ol;tai11 au 1wifu1 Ill ::-a111µliog 
of tlie Fourier spare 
• for liiglit·r urdt·r� Wt' must u�t' the .-;t'C4)1llbry 111axi111<1 
F1u111 the ::'elut1d iJrder it is possible to ::-et· th,1t .-;llllle ()pe1.iturs 
li<tve tl1e sa111e puwer :'pectrurn. They Jifler u11ly l1y pb.t.::>e. They 
B detects the line structure ;/; 
C detects the line structure 111 
D dectets the line structure � 
Fi�llrt' 3: lit:-il-u1der uperJ.tur� <ire oriented filters 
"111 It'll 1111 1 l1t' s <.1llle places i11 tile Fourier plane. Uy com­
f.11111q• f l1t•:-.t• 01wrcdor:::. we obtain .i 11ew set of operat ors, that 
1 1 t , li.1r,H..Leri:HiL of the Jilfereul urienlatiou-fre4uc11cies in tl1e 
I·, 1111 1 1  1 pl,111e. So by combi11i11g the :3econd order operators, we 
·ild.1111 It'll 11perators. 
l·,,11 Ii 11••i11t iu the Fourier plaHe correspu11ds to ouly one of these 
rww ( i(H'I at ors. We oLtain a regul.u sampli11g of the Fourier 
pl.1 111' The operators caH he useJ to detect all orientations and 
I 1 1·11u1·11c ies. 
2-3 Local Analysis of Texture 
A d1:-;ncte texture image is defined on a KxK grid with a 
p.-'1·111111 liexago11al samµling. Tiu� image is d.euote<l (X1,;_1) (k = 
I /\,I l . . .  K). 
A{ c111diHg tu the study of A. Gagaluwiczi texture crnalysi.s �huul<l 
lit' t11ltdlt"d, wl1en the texture is localJy aualy:sed with <t 9' solid 
.t11glt· [1]. Hecau::;e the µositio11 of the carnerd i::. free, we ca11 
4 li1111:--t· the distauce betwee11 tlie ca111era a11J the image, ::;uch 
w liid1 tltt""' width of a secuml-on.Jer ueigliburlwod cunespo11<l:s to 
.i 1 1' .-.1iliJ augle. Thus, we chuuse tu aualyse textures with the 
-el11nd-ur<ler operators. At auy lucaliz.1tiuu i11 the irnage1 Wl' cun-
-1dn LIH· pi.xd::; in .l secou<l-order 11eigliburlwuJ J.Hd aµply the 
ti'll 11t·W operators. The respu11::;e::; are rt•pre�t·11ted i11 the angu-
1,u 11 t'qttt•11cy plane :siuce e<ich uper.:1tor LOITe:::>purnb tu ..1, special 
• n 11·111.it io11 iu the Fourier pl due The ;-,d uf local maxima of
tli1:: l1t-'quential representatiu11 �considered tu characterize the 
lt'XI 11n· 11eighlwrlwod at location {k1 l). This set is reordered to 
·d1lai 11 :i uitH' binary compo11ents vectol' l'J..  t (u'2,u31 • • •  1 u 1u)
wli1·n· 
• u l if ll1e operator, 't, gives a respouse that is a lucal max-
i11 111111 of th1� frequency represeutatio11 
• u1 0 htherwise. 
Tlit• fi1 st opt'l"<ltor is 11ot cousidere<l, l>ccause tile response ( sum­
mation of the grey levels ) is always a maximum in the frequency 
1q)f1·:-;c1 1tation. We decided to (011sid1�r only the geometry of 
1 itt' fn•quency represe11tatio11 to bt• coherent with the perceptual 
ol.il a. By cumpari11g the respu11ses of the operators in the Fourier 
1t·p1 1·:-;1·ntation, we model the excitatio11-i11hibit.ion phenomena 
t•t'lw1·1·11 visui.tl cells of same ur<ler. 
2-4 Texture Signature 
\J\/11· < 011.sider that a texture sample is a NxN subimage. For 
t'Vt'I) lo< atiLm (k, i) in the s;.uuµle, we calculate tl1e nine binary 
( OlllJHllH' 1tl.s Vt'ctor lf>.. 1 We ::sum up Ui... 1 over tl1e subimage tu 
1.ld .ti l l  the sumple sigu,1lure Z 
,\/ !V 
:c - 2-.:z..=u,_;
J.... JI J 
It z 1:-- 1lt'110ted: z _ (z'1, ' . l zjll ) Wt' ohtai11: 
r,,· N 
z1 LL1LJ.1 
J.. JI I 
z1 i:-; the :-;ummttl iu11 uf t lie geumetrical respu11st• uf the operator 
i. Tliis �u111matiu11 pt�l'lnits u::; to avoid local uoise a11d tu ext1act 
global prupt•rt i1·s uf texlure. 
3 Resolution and Invariance 
Our procedure i� used to autornalically determine thl• re::;olutio11 
of a l10moge11euus texture: the mi11i111um window size giviug a11 
i11varia11t tra11sbtion perceptiu11. A 11u111ber of textures are cu11-
sidered. 
J de11otes the wi11Juw 
i de11otes the operator 
p <leuote::s the width uf tlie wioduw 
rn:' and er:' are the mean and the sLrndard deviatioa uf 
the results of operator t for wiudows of width p. 
We <lefiue the followiug criteriou ; 
I" 
i'(T') L rT,/rn, 
1--=-.!. 
W he11 p i11crease�, C' (p) tew.J::; lo a limit: 
li111 ( '(p) cunst 
I' •\_)\_, 
We choose the value where the criterium is stable enough : 
This val11t•, dt·11uted P, i::; called tlie mathe111atical resolutio11 of 
the texture. 
Experime11ta6 results show that this corre�puuds to the pcrcq>­
tual resolution uf the texture. The perceptual resol11tio 1 1  uf tlie 
texture is the window width that give:; a trauslatio11-i1 1variaut 
perceµtio11. By cuu::;iJeri1 1g fur uue texture a 11u111b1�r uf �a111µle:s 
with the correct width l\ we have sliow11 that tlic 11un11·rical sam­
ple signature:; arc very stable aud permit a good cla.-::.�itiratiu11 
rate (u) 
A second pha.!:ie, de�rribed below, pcrrnib u� tu ubtai11 1_011�t..111t 
signature vectur.s. 
For every operator, t) we cu11sider tl1e mea11 tn1 of the l't'sult� of 
that operator fur wi11<luw::; of suitable widtlL \i\'c repn·:-t� 1 1t the 
mi graphically by ordering them iu decrea�iug ordt·r 
Two ca::;es are pos::sible 
The first ca;::;e i::s rt'presented i11 figure 4. The curve pn•st>ub au 
1 0  9 
Figun• 4: hr::.t type of mea1b curve 
impurtaut vari.itio11 ,1lte1 tlic k-tl1 11urnber { i11 figure k q 
We say that the texture prese11b k irnporL.1.11l frequt'llti.d re�u­
na11ces. 
Tht•fl Wt' code the signatun: vector Z1 with the fulluwing llletlwd 
t IH' k �n·a.tcst c o111po11c11t:S of Z 1 .ire coded Uy l .rnJ l11e other 
\ ,dtw, .11"1' Lodcd l1y 0 
\\.t' uld ,1i11 a 111..�w vcctoJ �, 1 
}' 1 i:-. 1 ,_died the sigH<tl ure VCl tul of t lie s.imple j. 
Tilt' :'l·cu11J ra:w i.:-; repre.::-cuted i11 hg:ure 5. T!te me�lll rurve 
operator 
10 9 
Figure 5: seco11d type uf mea11:::> curve 
1i11 - .. 111 .... .i ( u11t iuuum nf values. We cu11si<le1 
M 
\\1· ·"'") t liat au opt:ratur 1 presents au impurta11t rt:s011a11ce 011 
1 h1· :--.I 111li1.·d texture if rn1 a1 > .M where rn1 aIHI a, a.re rc::;peL­
l lVt'h, the mea11 a11d the sta11darJ dcviatio11 resulting from the 
1ppli1 .it i�n1 of tht' operator ·t 
II I.· ,,perators satisfy tl1is propt'rty we say tl1at the texture 
111 1 ..... 1·111:--. k i111purta11l freque11ti'-d reso11a11ces. The frnal sig11a-
11r1· v�'< tu! \' / a�suciateJ to the vector }'J i::; deh111.>d as above. 
l1J1 t".\JH'rllHellb have sh(JWll tl1.lt this uew siguature vector i::; 
<i11.�l.i1t1 w ith tr.t11::'lation. 
4 Application and Results 
1'111.� !-!.lulial prun ..dure has bee11 used ou ditfere11t 11atural textures 
"\lldt !t•d fiom Brudatz's textures Fur every texture we 11.ive 
'11.�1 ,Jc1t·r111ined the resolutiu11. 
v\t· 11.ivt• thc11 observ��<l lUO samµlt's of suitable widtli fur every 
t1·xtu11· ,111d exami11eJ tlie siguatun� vectors. The results are 
··.x1111·:-::it'd i11 the followi11g Ltl1lt> 
l'l1r lt1.-..t li11c gives tlie 11a111e uf the texture. Tlie secunJ liue gives 
1 lt1· 111.itlicmatical re::;olutiou uf tlte rexturt·. Tl1e lines three to 
, kvt'H give tht� results uf the operdtnrs for the differe11t textures. 
I lit· <Jpt·ratur 1 i::' 11ut co1i.:5iden·d heca11:::> e ib n·:::.po11:::>e is always 
1 111.1.\111111111 .i11d its valut> is always I 
1·1it· \11 tor for111eJ by the rc::;pu11ses of the opt'I".lturs 1 rows three 
1,, 1 l1 ·v1· 11 , i� the siguature uf eacli texturt'. Almost <.1.ll the samples 
h,Lvv t l1t· .'.'l�uue signature. The last liue give:; the JJUlllber of errors 
1,q tl11· diff1·reut lt>xture:::>. 
texture /1)[)()(' J 11lc wuul 1·rq1t l-ii;he:n 
w1ruiuwwt1ith 81' IJ4 S<i Sti 80 
t!J•t:rutdr '2 I () I l 0 
117,cralor :i 0 l l I 1 
u11crlLlor 4 I () l 0 
''J'cratur 5 u ll () () 
(i/-1t:rillur () () I () 
,J,,t nit,;r 7 ii () 
''f'r-rat.1r H IJ I) 
.17n ratur �) 0 
'17rr-r.it or 10 0 
I 
5 Stability of the Results 
'l'l1e :::>igualure vcdu1 tl1.tt we obtain is very stalJle. The pruperty 
uf lrtlll:·datio11-i11v<..1ri.rncc require::; l.lrge wi11dow widtl1 lo calcu­
late ::;ig11.it ure vector�1 but i11 fact Wt' ueeJ u11ly tt frw pl)ints 
i11side the w i11duw 
The study of �tability wa . .,;:, do11e with two textures : wood aud 
woven. We h<tVt' cumputetl the 11 11mlier of errors to trauslatiu11-
iuvaria11t:e wlie11 we< .dculate the loral t:aracteriz;1ti011 uf texture 
ouly at N puiuts i11sidt> the wiuJow. Tl1e choice of tht> N puiuts 
iuside the window is done wit 11 a random Jlf"O(t•dure. The results 
.tre expre::;st�J l1y the fol111wi11g tJ.IAes. The fir�t li11e gives the 
11umber uf poi11ts iusiJe the wi11Juw
, 
wl1ere the texture caracter­
ization is Jo11e. 
Tl�e secuud line give� the uumber of errors. 
This study is done with 100 samples for every texture. 
WOOD '1'1'XTllltB 
numl•er uf µointo 10 20 :JO 40 50 
nurnber of errors 29 10 4 l 0 
WOOL TEXTURE 
numhcr ,,f pumt.< 100 Hill 220 280 340 
numl.a uf erruro 11 13 4 4 0 
These two tt·xt11n!s were clw�c11 berause they exhibit different 
behaviors wlie11 we perfo1 m tlie texture characterization on a 
few point:; in:;ide the w iuduw The stability co11verges fa:;ter 
with lhe wuod texlure. The conclusio11 i;; identical: we don't 
11eed to c<..1k11l.1te the texture d1aracterizat.ion at every purnt, 
but at most at 25 perce11t of puiuts. 
6 Conclusion 
By u::;iug a li11ear tr;rn::;fun11 over a ueigldwrhou<l au<l a nou­
liuear process, we obtain a texture signature that ca11 be useJ 
tu deflue the resolution of an homogeneous texture image. Thi:; 
pro(ess cau lw us1�d to trnd tl1e homugeneous textured regiuu:; iu 
au image i.wd , more generally, for segmeutation. 
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